Introduction and literature review {#Sec1}
==================================

In sample surveys while estimating an unknown population parameter of the study variable, use of the auxiliary information increases the efficiency of the estimates. In many real scenarios, some auxiliary attributes are highly correlated with the study variable, for instance, person's weight and gender, cow's amount of produced milk and breed, crop production and seed type, income and ownership of a house, etc. Many authors have suggested estimators based on auxiliary attributes in simple random sampling or two phase sampling \[see Naik and Gupta ([@CR8]), Jhajj et al. ([@CR5]), Singh et al. ([@CR16]), Shabbir and Gupta ([@CR13]), Abd-Elfattah et al. ([@CR1]), Singh and Solanki ([@CR15]), Koyuncu ([@CR7]) and references cited therein\]. Sometimes people might refuse to reveal their weight or income, or some information are missing because of respondents' non availability at time of the survey. These situations are related to non-response problem when objects are unavailable or people refuse to answer. In the literature, much work has been done in the existence of non-response problem in the variable of interest and in single or two phase sampling scheme \[see Khare and Srivastava ([@CR6]), Okafor and Lee ([@CR9]), Singh and Kumar ([@CR14]), Riaz et al. ([@CR11]) and references cited therein\].

Diana et al. ([@CR3]) suggested regression type estimators using auxiliary attribute in presence of non-response. According to best of our knowledge little attention is given to the problem of non-response using information on auxiliary attributes.

The aim of this paper is to provide solution to this important problem. At this end, two generalized classes are suggested for the unknown population mean along with the supplementary information about the proportion *P* of the population units having the auxiliary attribute $\documentclass[12pt]{minimal}
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                \begin{document}$$\phi$$\end{document}$. Taking motivation from Shabbir and Gupta ([@CR12]), Koyuncu ([@CR7]) and Singh and Solanki ([@CR15]), some modified classes are also suggested in the existence of missing information.
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The mean square error (MSE) of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\bar{y}^*_{\text {reg}}$$\end{document}$ is minimum when$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} w=\dfrac{S_{y{\phi }}}{S^2_{\phi }}=w^{o} \text {(say)}. \end{aligned}$$\end{document}$$The minimum MSE of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\bar{y}^*_{\text {reg}}$$\end{document}$ is given by$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} \text {minMSE}\left( \bar{y}^*_{\text {reg}}\right) ={\theta }{S}_y^2\left( 1-{\rho }^2_{pb}\right) +{\lambda }S^2_{y(2)}, \end{aligned}$$\end{document}$$where$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} {\rho ^2_{pb}}=\dfrac{S^2_{y{\phi }}}{S^2_yS^2_{\phi }}, \quad S_{\phi }^2=\dfrac{\sum _{i=1}^N({\phi _i}-P)^2}{N-1} \quad \text {and} \quad S_{y{\phi }}=\dfrac{\sum _{i=1}^N(y_i-\bar{Y})({\phi _i}-P)}{N-1}. \end{aligned}$$\end{document}$$We can write ([4](#Equ4){ref-type=""}) as$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} \text {minMSE}\left( \bar{y}^*_{\text {reg}}\right) ={\theta }{\bar{Y}^2}{C}_y^2\left( 1-{\rho }^2_{pb}\right) +{\lambda }{\bar{Y}^2}C^2_{y(2)}, \end{aligned}$$\end{document}$$where$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} C^2_y=\dfrac{S^2_y}{\bar{Y}^2}, \quad C^2_{y(2)}=\dfrac{S^2_{y(2)}}{\bar{Y}^2}, \quad {\rho ^2_{pb}}=\dfrac{C^2_{yp}}{C^2_yC^2_p}, \quad C_p^2=\dfrac{S_{\phi }^2}{P^2} \quad \text {and} \quad C_{yp}=\dfrac{S_{y{\phi }}}{\bar{Y}P}. \end{aligned}$$\end{document}$$

Modified classes {#Sec2}
================

In this section, we have considered Shabbir and Gupta ([@CR12]), Koyuncu ([@CR7]) and Singh and Solanki ([@CR15]) classes because those are more efficient than the regression estimator. Shabbir and Gupta ([@CR12]) suggested a class of ratio estimator for the population mean $\documentclass[12pt]{minimal}
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First modified class {#Sec3}
--------------------

Shabbir and Gupta ([@CR12]) proposed the class of estimators$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} \bar{y}_{\text {SG}}=\bar{y}\left[ w_1+w_2(P-\hat{P})\right] \left( \dfrac{P}{\hat{P}}\right) , \end{aligned}$$\end{document}$$where $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$w_1$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$w_2$$\end{document}$ are suitable weights.

If we assume that there is non-response on Y, the class ([6](#Equ6){ref-type=""}) can be modified as$$\documentclass[12pt]{minimal}
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Second modified class {#Sec4}
---------------------
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Third modified class {#Sec5}
--------------------
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We can modify the class ([17](#Equ17){ref-type=""}) considering incomplete information on *Y*$$\documentclass[12pt]{minimal}
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Suggested classes {#Sec6}
=================

In this section, we have introduced two general classes of estimators for the population mean assuming (as in the previous Section) non-response occurs in the study variable with known information on the auxiliary attribute. The first suggested class is obtained starting from a generalization of the third modified class, defined in ([18](#Equ18){ref-type=""}), while the second class is the result of motivation from Diana et al. ([@CR2]).

First class {#Sec7}
-----------
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Now expressing ([23](#Equ23){ref-type=""}) in terms of $\documentclass[12pt]{minimal}
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From ([16](#Equ16){ref-type=""}) and ([36](#Equ36){ref-type=""}), it is easy to see that the minimum MSE of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\bar{y}^*_{\text {M2}}$$\end{document}$ becomes equal to the minimum MSE of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\bar{y}^*_{\text {S2(R)}}$$\end{document}$ when $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tau =0$$\end{document}$. One can also observe that regression-cum-ratio estimator ([13](#Equ13){ref-type=""}) may perform better than regression estimator for different choices of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tau$$\end{document}$. Note that the MSE of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\bar{y}_{\text {S2}}$$\end{document}$ looks like the MSE of Diana et al. ([@CR2]), however, their work is related to complete information for the study variable *Y* and the auxiliary variable *X*. But the class $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\bar{y}_{\text {S2}}$$\end{document}$ highlights the non-response problem especially when someone estimates the population mean using information of the auxiliary attribute.

Choice of function *g* {#Sec9}
======================
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Efficiency comparisons {#Sec10}
======================

In this section, efficiency of the proposed estimators on the basis of their minimum mean square error has been evaluated by analyzing the performance of estimators, when possible, specially numerically. It is well known that the regression estimator $\documentclass[12pt]{minimal}
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*Remark* {#FPar1}
--------

It can be observed from ([4](#Equ4){ref-type=""}) and ([16](#Equ16){ref-type=""}) and, from ([4](#Equ4){ref-type=""}) and ([36](#Equ36){ref-type=""}) respectively, that these expressions are always positive. Furthermore, it is not easy to make analytical comparison for $\documentclass[12pt]{minimal}
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So in this Section, we make numerical comparison of modified and suggested classes using two population data sets as earlier considered by Shabbir and Gupta ([@CR12]), Abd-Elfattah et al. ([@CR1]) and Koyuncu ([@CR7]).

Population I {#FPar2}
------------
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Conclusions {#Sec11}
===========

In this paper, two new generalized classes of biased estimators for the population mean have been proposed when information on the auxiliary attribute is available, along with considering the problem of non-response on the study variable. Further, three modified classes of estimators motivated by Shabbir and Gupta ([@CR12]), Koyuncu ([@CR7]) and Singh and Solanki ([@CR15]) have also been considered in presence of non-response. Henceforth, linear regression estimator is considered as benchmark for comparing efficiency of the proposed classes. Our suggested classes $\documentclass[12pt]{minimal}
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                \begin{document}$$\bar{y}_{\text {S2}}$$\end{document}$ depend on the choice of function *g* and for this we consider ratio and exponential functions. Numerical results are reported in Tables [1](#Tab1){ref-type="table"} and [2](#Tab2){ref-type="table"} to show superiority of the suggested classes with the regression estimator. The main purpose of this paper is to highlight the non-response problem in the study variable when information of auxiliary attribute is available for estimating the unknown population mean.
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